Previous studies have demonstrated that insulin and IGF-1 both increase lumbar sympathetic nerve activity (LSNA) and decrease mean arterial pressure (MAP). We hypothesized that the peripheral responses to insulin and IGF-1 are mediated, at least in part, via the central nervous system. In this study we determined the effects of the peripheral administration of both insulin and IGF-1 on cardiovascular dynamics and LSNA following removal of the area postrema (APX), a major site of blood-brain communication. Insulin infusion in normal rats decreased MAP but increased HR and LSNA. When insulin was infused in APX rats it also decreased the MAP but the MAP recovered rapidly and plateaued at a level equivalent to normals after 40min. Insulin significantly increased the HR and LSNA in the APX rats compared to normals. However, when hypoglycemia was prevented by glucose infusion, the HR and LSNA responses to insulin in the APX rats were similar to normals. IGF-1 also decreased MAP and to a greater extent in the APX rats compared to normals but the increased LSNA in APX rats was equivalent to normals. The APX rats when compared to normals had a greater sensitivity to insulin-induced hypoglycemia while IGF-1 decreased the plasma glucose to a lesser degree in APX rats. We conclude that insulin and IGF-1 entry into the CNS at least via the area postrema does not contribute significantly to the hypotensive response and that the greater depressor response to IGF-1 is likely due to enhanced vascular sensitivity in APX rats. The increased HR and LSNA following insulin were likely mediated by an increased reflexive response to hypoglycemia.
IGF-1 both increase lumbar sympathetic nerve activity (LSNA) and decrease mean arterial pressure (MAP). We hypothesized that the peripheral responses to insulin and IGF-1 are mediated, at least in part, via the central nervous system. In this study we determined the effects of the peripheral administration of both insulin and IGF-1 on cardiovascular dynamics and LSNA following removal of the area postrema (APX), a major site of blood-brain communication. Insulin infusion in normal rats decreased MAP but increased HR and LSNA. When insulin was infused in APX rats it also decreased the MAP but the MAP recovered rapidly and plateaued at a level equivalent to normals after 40min. Insulin significantly increased the HR and LSNA in the APX rats compared to normals. However, when hypoglycemia was prevented by glucose infusion, the HR and LSNA responses to insulin in the APX rats were similar to normals. IGF-1 also decreased MAP and to a greater extent in the APX rats compared to normals but the increased LSNA in APX rats was equivalent to normals. The APX rats when compared to normals had a greater sensitivity to insulin-induced hypoglycemia while IGF-1 decreased the plasma glucose to a lesser degree in APX rats. We conclude that insulin and IGF-1 entry into the CNS at least via the area postrema does not contribute significantly to the hypotensive response and that the greater depressor response to IGF-1 is likely due to enhanced vascular sensitivity in APX rats. The increased HR and LSNA following insulin were likely mediated by an increased reflexive response to hypoglycemia.
INTRODUCTION
Insulin and IGF-1 have homology in its molecular structure and receptor structure as well as metabolic effects. Our laboratory and others have demonstrated that both insulin and IGF-1 act to modulate cardiovascular and sympathetic nervous dynamics where they act to primarily decrease MAP, increase blood flow in selected vascular beds and increase sympathetic nerve activity in rats Pete and Dunbar, 1998; Duanmu et al., 1997; Anderson et al., 1991 . Based on the above observation we hypothesized that the action of peripheral insulin and IGF-1 on these systems may, in part, be mediated by CNS mechanisms.
The area postrema is a significant site of communication in the blood-brain barrier between the humoral components of the blood and the neural brain tissue (Ferguson and Bains, 1996; Bernstein, 1996) . It has been demonstrated that the area postrema is especially significant in mediating responses to nutrients in circulation (Bernstein, 1996; Kenney et al., 1994; Calingasan and Ritter, 1992; Adachi et al., 1991) , as well as other factors that mediate autonomic responses (Nakayama et al., 1997; Wade et al., 1996) . The area postrema has been demonstrated to be significant in mediating several cardiovascular reflexes such as the response to exercise and baroreflex mechanisms associated with angiotensin II (Bonigut et al., 1997; Cox and Bishop, 1991) . Further supporting a role for the area postrema in these processes is the fact that it is juxtaposed and communicates with the nucleus of the solitarius tract (NTS), a major site of cardiovascular regulation (Cai et al., 1996 Nagano et al., 1995) . Thus, it is suggested that binding of insulin and IGF-1 to these area postrema receptors mediates regulatory influences on cardiovascular and sympathetic nervous dynamics (Kott et al., 1989) .
In previous studies we have proposed that both insulin and IGF-1 levels in circulation alter cardiovascular dynamics by CNS-mediated mechanism Wright-Richey et al., 1994; Dunbar et al., 1996) . Since Area postrema removal (APX) was conducted using minor modification of the method of Edwards and Ritter (1981) . Briefly, rats were anesthetized with ketamine and xylazine, 80/5 mg/kg (Bayer Corp., Shnunee Mission, KS), placed in a Kopf stereotaxic apparatus, and a dorsal midline incision was made through the skin and epaxial musculature. With the aid of a dissecting microscope, the atlanto-occipital membrane was visualized and punctured, and a portion of it was removed. The area postrema was visualized on the dorsal surface of the medulla at the caudal extent of the fourth ventricle and removed by suction with a 26-gauge needle attached to a vacuum line. With the exception of the vacuum procedure, sham operations were identical to those described for APX rats. The skin was closed and the animals were maintained 3-4 weeks before they were utilized. Following the study, histological sections were prepared to verify the APX.
Measurement of MAP and HR was conducted on animals as described previously following an 18-20 hour fast (Pete and Dunbar, 1998; Duanmu et al., 1997) . Briefly, the animals were prepared for cardiovascular recording on a pad heated to maintain the body temperature at 37 4-1C. The animals were anesthetized with a mixture of urethane (0.5 g/kg) and c-chloralose (80 mg/kg). The trachea was cannulated to minimize respiratory difficulties. Catheters made of PE-50 tubing were filled with heparinized saline (2,000 U/ml) and inserted into the femoral artery to monitor arterial blood pressure via a Spectra-Med pressure transducer (Spectra-Med, Oxnard, CA) and into the femoral vein for blood sampling and infusions.
The measurement of sympathetic nerve activity was conducted as previously described (Duanmu et al., 1997) (Fig. 1A) . It can also be observed that bolus insulin infusion into APX rats also resulted in a decrease in MAP that reached a nadir after 20 minutes that was slightly greater than that in normals, but returned to basal levels above normals after 40 APX rats. Insulin (5 U/animal) significantly decreased the MAP in normal (P < 0.001) and APX (P < 0.001) rats when compared to saline controls. The HR was significantly increased in normals (P < 0.001) and APX (P < 0.001) rats. Insulin increased the LSNA in normals (P < 0.001) and APX (P < 0.0001) rats compared to saline controls. Statistical comparison between groups made by ANOVA with repeated measures. *=significant (P < 0.05) differences between normal insulin and APX insulin versus normal saline at selected time points. +=significant (P < 0.05) differences between normal and APX rats at selected time points. N=6, 5, 5
for saline controls, normal insulin and APX insulin, respectively. FIGURE 2 The effect of systemic insulin (5 U/animal) infusion as a bolus with previous and subsequent variable glucose infusion (100mg bolus plus -300mg/hr) to maintain euglycemia on MAP (Panel A), HR (Panel B) and LSNA (Panel C) in normal and APX rats. Insulin significantly decreased the MAP (P < 0.001) and HR (P < 0.001) and increased the LSNA (P < 0.001) in both normal and APX rats. Statistical comparisons between groups made by ANOVA with repeated measures. *=significant (P < 0.05) differences between normal and APX rats at selected time points. N=5 for both normals and APX animals.
minutes (Fig. 1A) . The HR in response to insulin increased approximately 10% in normal animals but the increase in HR was significantly higher (30%) in APX animals when compared to normals (Fig. 1B) . IGF-1 (40ug/animal) significantly decreased the MAP in normals (P <0.001) and APX (P < 0.0001) when compared to saline controls. IGF-1 significantly (P < 0.01) increased the HR in APX animals compared to controls. IGF-1 significantly increased the LSNA in normal (P <0.001) and APX (P <0.001) animals. Statistical comparisons between groups made by ANOVA with repeated measures. *=significant (P < 0.05) differences between normaMGF-1 and APX-IGF-1 versus normal saline at selected time points. +=significant (P < 0.05) differences between normaMGF-1 and APX-IGF-1 at selected time points. N=6, 6,5 for saline controls, normal IGF-1 and APX IGF-1, respectively. compared to normals (Fig. 2) . When hypoglycemia was prevented the HR was decreased in normal and APX rats and the stimulation of the LSNA was comparable between normal and APX animals (Figs. 2B and C).
When we conducted these same studies using IGF-1, we observed that IGF-1 infusion resulted in an approximately 8% decreased MAP in normal rats and IGF-1 infusion resulted in an even greater decrease (20%) in APX rats (Fig.   3A) . IGF-1 did not alter the heart rate in normal but significantly increased it in the APX animals (Fig. 3B) . IGF-1 infusion in both normal and APX animals resulted in a significant increase in LSNA activity that was comparable between groups (Fig. 3C) . (Hausberg et al., 1995; Spraul et al., 1995) . In fact, following removal of the area postrema, instead of the anticipated attenuation of the insulin-mediated decrease in MAP, the initial response to insulin was slightly greater, suggesting that the area postrema was important in facilitating not a dilatory but a pressor response.
Our observation would be consistent with previous studies that demonstrated that stimulation of the area postrema acted to induce a pressor response (Cai et al., 1996; Hegarty et al., 1995; Suemori et al., 1994) . However, this pressor activity was not found in all studies (Gross et al., 1990) . In other investigations where the area postrema was removed the animals tended to have lower basal MAP, again suggesting a pressor role of area postrema (Skoog and Mangiapane, 1988) . In our study, however, the initial insulin-induced decreased MAP had a more rapid recovery to basal levels in the APX animals. This more rapid recovery was also associated with a greater increase in HR and LSNA. Taken together this suggests that area postrema removal decreased the basal constrictor tone but enhanced the sensitivity to activation of the sympathetic nervous outflow. Our results also suggest that this increased sensitivity to sympathetic activation was likely due to the greater hypoglycemia induced in response to insulin noted in the APX animals. In these animals the blood glucose reached a significantly lower nadir compared to normals that could lead to greater activation of sympathetic counter regulatory outflow (Bonigut et al., 1997; Skoog and Mangiapane, 1988 ). Although our animals had similar fasting plasma glucose levels, the tendency for lower blood glucose and impaired glucose regulation is consistent with previous observations of decreased caloric regulation (Contreras et al., 1982) . Indeed, it has been demonstrated that the counter regulatory responses to changes in plasma nutrients are altered APX animals (Curtis et al., 1996) .
Systemic IGF-1 infusion also resulted in a greater decrease in MAP in APX rats when compared to normals. The IGF-1 response supports our previous study which suggests that IGF-1 actions on cardiovascular dynamics are mainly peripheral (Duanmu et al., 1997 (Carpenter and Briggs, 1986) 
